Background/Objectives: Vegetarian diet has become an increasing trend in western world and in Poland. The frequency of allergies is growing, and the effectiveness of vegetarian diet in allergic diseases is a concern for research. We aimed to study an effect of vegetarian diet on lipid profile in serum in a group of Polish children in Poland and to investigate lipid parameters in healthy vegetarian children and in omnivorous children with diagnosed atopic disease. Subjects/Methods: Serum lipid profiles (triglycerides, total cholesterol, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol, fatty acids) were assessed in groups of children: healthy vegetarians (n ¼ 24) and children with diagnosed atopic diseases (n ¼ 16), with control group of healthy omnivores (n ¼ 18). Diet classification was assessed by a questionnaire. Results: No differences were observed in serum triglycerides, LDL cholesterol and saturated and monounsaturated fatty acids level in all groups. In the group of Polish vegetarian children, we recorded high consumption of vegetable oils rich in monounsaturated fatty acid, and sunflower oil containing linoleic acid. This observation was associated with higher content of linoleic acid in serum in this group. Among polyunsaturated n-6 fatty acids, linoleic acid revealed significantly (Po0.05) lower levels in allergy vs vegetarian groups. In case of eicosapentaenoic acid (n-3 fatty acid), the allergy group showed higher levels of this compound in comparison to vegetarians. Conclusions: Significantly higher concentration of linoleic acid in vegetarian children in comparison to allergy group indicated possible alternative path of lipid metabolism in studied groups, and in consequence, some elements of vegetarian diet may promote protection against allergy.
Introduction
The diet supplies the human body a variety of fats in differing amounts. In the developmental age an intake of essential fatty acids is crucial, especially for the functioning of cellular membranes, production of eicosanoids and inflammatory reactions. A composition of fatty acids in serum reflects dietary patterns; controlled food choice is also applied as a support of the treatment, for example, in diabetes, cardiovascular disease or cancer (Leitzmann, 2005) .
Nutrition of allergic children is based on elimination diets that exclude sensitizing food (like dairy products, eggs or gluten), as well as on the so-called 'healthy diet'-rich in fruits, vegetables and plant oils (for example, olive, canola and grape oils)-resulting in considerably lower intake of saturated and higher polyunsaturated fatty acids (PUFAs). In the past decades, atopic diseases in childhood presented an urging health problem and the role of lipids in inflammatory processes in the course of allergy was raised (Hodge et al., 1994; Dunder et al., 2001) . The diet rich in n-6 PUFAs, which are precursors of proinflammatory cytokines and have a role in sensitization to allergens and allergic inflammation (Sala-Vila et al., 2008) , was considered as one of possible hypotheses discussing an impact of environmental factors on allergy development (Tanaka et al., 2001; Kummeling et al., 2005) .
Vegetarian diets were also extensively studied in terms of nutritional pattern and PUFA profile. They are generally rich in linoleic acid (precursor of n-6 fatty acids), and can be low in n-3 fatty acids, which may reduce the conversion of a-linolenic acid to eicosapentaenoic acid and docosahexaenoic acid (n-3 fatty acids) (Sanders, 1999; Davis and KrisEtherton, 2003) . A number of epidemiological surveys on lipids in vegetarian diet have been published, for example, American (American Dietetic Association Dietitians of Canada 2003 Canada , 2009 ) and European surveys (KrajcovicovaKudlackova et al., 1997; Waldmann et al. 2003; Philips, 2005) , but no data were available from Poland up to beginning of our studies in 2006.
Although in Poland a mixing model of diet based on animal and vegetable products is predominant, a growing number of people are deciding to choose vegetarian diet (Dobrzań ska et al., 2002) . The reasons are different, that is, ethical, ecological, religious, health promotion or food preferences (Sherratt, 2007) . For children, the parents decide about the diet style because of health reasons, for example, to avoid allergy as one of expectations.
In this study we aimed to study an effect of vegetarian diet on lipid profile in serum in a group of Polish children; the second enquiry was investigations on lipid parameters in omnivorous children with diagnosed atopic disease and in healthy vegetarian children.
Subjects and methods

Subjects
A total of 40 children of both sexes, aged from 2 to 18 years, were qualified for the study and were divided into three groups: the group of vegetarian children (n ¼ 24) and the omnivore children group with allergy diseases (n ¼ 16), and a control group of healthy omnivore children (n ¼ 18). Inclusion criteria of vegetarian group were: the child had followed a vegetarian diet for a minimum of 1 year up to examination and had not suffered from any systemic disease or allergy. Children from the allergy group were diagnosed according to clinical history and diagnostic tests (radioallergosorbent test, skin prick test, total IgE) and one of the atopic diseases: bronchial asthma, allergic rhinitis or atopic dermatitis.
Exclusion criteria for all subjects were systemic diseases, acute febrile illness and diet supplement intake.
Vegetarian subjects were recruited by placing advertisements in vegetarian magazines and by announcement at the meetings of the Hare Krishna believers. Allergic children were recruited by announcement in the open allergology ward.
This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the local committee of ethics, Wroc"aw Medical University. Written informed consent was obtained from all subjects according to Polish regulations.
Diet groups and duration of diet
The classification of diet group and duration of adherence to a vegetarian diet types was based on the following questions: (1) Subjects who reported that they ate meat were classified as omnivores. Subjects who reported that they did not eat meat but ate fish were classified as semivegetarians. Children who reported that they did not eat meat or fish but ate dairy products were classified as lacto-vegetarians, those eating eggs were classified as ovo-vegetarians, and those eating dairy products and eggs as lacto-ovo-vegetarians. Those who reported that they did not eat any food of animal origin were classified as vegans. The duration of adherence to a vegetarian diet types was assessed with the question: 'How long time do you follow this diet?'
General food intake patterns were assessed with the statement: 'Please mark how often do you eat the following foods'. Categories for response to each item on the food frequency questionnaire (modified after Wądo"owska, 2005) were 'never', 'sometimes', 'once every day' and 'more than once a day'. The following types of food, or food groups, were included: dairy foods (milk, cheese and yogurt), eggs, red meat or poultry, fish, fruits or fruits juices and vegetables.
We used a parent response questionnaire based on the ISAAC (International Study of Asthma and Allergies in Childhood) questions to investigate the prevalence of asthma and allergic diseases. For standardization of the research method, we adapted the most expanded and recommended ISAAC questionnaire (Marklund et al., 2004) .
Body weight and height of children were measured; results of the anthropometric measurements were recorded on the current Polish growth charts, and then height and weight were compared with percentile curves.
Serum lipid analysis
Venous blood (2.5 ml) was taken after light supper and overnight fast (14 h). Serum was collected for blood lipid examination and the remainder was stored at À70 1C. Serum fatty acid analysis Serum sample (200 ml) was extracted twice with hexaneethanol according to Cabrini et al. (1992) . The organic Lipid profile in vegetarian and allergic children D Gorczyca et al phases were collected and evaporated in the methylation tube. Tricosanoic acid (C23:0) was added as an internal standard and butylated hydroxytoluene as antioxidant agent. Fatty acids in samples were converted to the corresponding fatty acid methyl esters by addition of methanol (1.5 ml) and acetyl chloride (0.2 ml) at 85 1C for 3 h. After cooling down the tubes, hexane and water (1:1, v/v) were added, the samples were vortexed and centrifuged at 1000 g for 5 min. The top hexane layer was collected and the extraction procedure with additional portion of hexane was repeated. Organic phases were combined and concentrated by evaporation under nitrogen, and analysed with gas-liquid chromatography coupled with mass spectrometry (Hewlett-Packard 5890 series, Palo Alto, CA, USA), using helium as the carrier gas and a temperature program on HP-1 capillary column (0.22 mm Â 12.5 m) of 150-270 1C, 8 1C/min. Fatty acid methyl esters were identified by comparison to external standards and corresponding mass spectra, and quantified according to internal standard.
Statistical analysis
All tests were two-tailed t-tests, and Po0.05 was considered to be statistically significant. For statistical analysis, SPSS software was applied (SPSS Inc., Chicago, IL, USA).
Results
As shown in Table 1 , the vegetarian group was similar to the allergy group in terms of body weight and height.
Food intake patterns were compared for vegetarian and allergic children (Table 2) , and appeared to be generally similar (excluding meet consumption). All children have eaten vegetables and fruits every day. Among vegetarians, lacto-ovo vegetarian diet was dominant (42%), a majority (80%) did not eat fish; two children had vegan diet, whereas allergic children were generally omnivorous, but every fourth child had not eaten dairy food, one child avoided eggs, one child used only poultry and three children had excluded fish from the diet.
Concerning fat intake, members of both groups have avoided margarine. The vegetarian group used mostly olive oil, canola oil and grape seed oil, whereas allergy group preferably consumed sunflower oil.
Serum lipid and fatty acid analysis
No significant differences were observed in triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol and saturated (stearic) and monounsaturated (oleic) fatty acids in serum in the study subjects (Table 3) . Concerning polyunsaturated n-6 fatty acids, linoleic acid (C18:2, n-6) revealed significantly (Po0.05) lower values in allergy group in comparison to vegetarian one. In case of n-3 eicosapentaenoic acid (C20:5, n-3), allergy group showed higher levels of this compound compared with vegetarians.
In our studies, total cholesterol level in serum appeared not to be significantly different in any of the groups, probably as a result of health-promoting lifestyle of the subjects' families. Lipid profile in vegetarian and allergic children D Gorczyca et al
Discussion
In this study we measured concentration of lipids and fatty acids in serum in the groups of vegetarian and allergic children. We found significantly higher level of linoleic acid in vegetarians compared with children with allergy (P ¼ 0.02). In the group of Polish vegetarian children, we recorded high consumption of vegetable oils rich in monounsaturated fatty acid, and sunflower oil containing linoleic acid. This observation was previously associated with the feature of the vegetarian diet that is relatively high in content of linoleic acid and results in high level of this acid in blood (Sanders and Reddy, 1992; Rosell et al., 2005) . To date, one of the hypotheses relating PUFA status to atopic diseases suggested an association of linoleic acid (n-6 fatty acid, proinflammatory compounds precursor) dietary intake increase with higher prevalence of allergy (Yu and Bjorksten, 1998; Dunder et al., 2001) . However, recent studies (Calder, 2006; Laitinen et al., 2006) pointed that in children with atopy the actual level of n-6 PUFA is lower than the level of n-3 PUFA as a result of the altered long fatty acid metabolic pathway. This is in accordance to our observation of decreased linoleic acid level (not significant though) in serum of allergic children group when compared with omnivore healthy subjects.
Total cholesterol, HDL cholesterol, LDL cholesterol and triglyceride levels in serum did not differ in vegetarian and allergic children. Such records may be a result of health promotion and well-balanced diet, that is, rich in antioxidants (vitamins C and E) that reduce oxidation of LDL cholesterol. It is in agreement with data presented for a group of vegetarian children, when no significant differences in cholesterol measurements between vegetarian and omnivore groups were recorded (Nathan et al., 1996) .
To our knowledge, this is the first report comparing serum fatty acid levels in healthy vegetarians versus allergic children. Further studies are necessary to enlarge allergic children group and to establish a new group of vegetarians with atopic diseases, and continuation of these studies would help to define the usefulness of vegetarian diet as a support for treatment and/or prevention of allergy development.
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